Thirty castrated desert sheep were used in feedlot performance and digestibility trials. Dietary treatment rations were formulated to replace groundnut cake by guar germ in a basal diet containing (%): sorghum grain, 30; groundnut hulls, 10; wheat bran, 10; molasses, 9 and common salt 1. Guar germ was included at different percentages: 0-ration A, 10-ration B, 20-ration C, 30-ration D and 40-ration E. Dry matter intake (g/kg BW) was significantly increased at inclusion of guar at levels of 20 or 30%, but significantly depressed at other levels. Digestibility of organic matter and crude protein was significantly improved by inclusion of guar at any level. That of crude fibre, however, was increased only at 30 and 40% guar levels. Disappearance of dry matter from nylon bags was almost complete within 24 h for all rations. Body weight gains increased slightly at all levels of guar inclusion in the diet. Except for the 20% level, the feed conversion ratio was also improved but this was not proved statistically. The best animal performance was obtained in response to including 30% guar in the diet.
INTRODUCTION
The major agro-industrial by-products used as ruminant feed in Sudan are cereal straws, groundnut hulls and haulm, sugar cane tops, sugar cane bagasse, sugar cane molasses, cotton stalks and cotton waste. However, the feeding value of crop residues is commonly limited by their low crude protein, mineral and vitamin contents. Industrial demand for guar gum has increased worldwide over the last thirty years resulting in production of increasing amounts of guar meal, which can be used as animal feed. In Sudan, the plant is successfully grown in rainfed savannah regions and exports to the United States reached 100 tones of guar gum in 1997.
Guar meal (GRM) (germ + hulls) is palatable, of higher digestibility and energy utilisation compared with groundnut cake. It has the same crude protein degradability as groundnut cake and can replace up to 30% of this cake in concentrate rations for small ruminants (Abmandal et at., 1989) . GRM constituted up to 50% of growing buffalo rations without adverse effects on growth and energy utilisation (Patel et al., 1970) . However, GRM was shown to decrease true protein degradability in the rumen (Volden and Harstad, 1995) .
As guar production is approaching a commercial scale, GRM is expected to replace sorghum and groundnut cake in the diets of both ruminants and monogastrics. The present study was thus initiated to determine the suitable level of guar meal in the diet of sheep as well as to assess its feed conversion ratio.
MATERIAL AND METHODS

Animals
Thirty castrated male, 1-1.5-year-old Sudan desert sheep (live body weight 33.25±5.3 kg), divided into 5 groups of 6 animals were used in two experiments: a feeding trial and a digestibility trial.
Feeds
Five rations whose basic ingredients were (%): sorghum grain, 30; groundnut hulls, 10; wheat bran, 10; molasses, 9 and salt, 1 were prepared. Guar meal was included common at different levels (0, 10, 20, 30, 40%) replacing groundnut cake (Table 1 ). The ingredients in each ration were thoroughly mixed before offering it to the animals. 
Feed intake and body weight measurements
Feeds were offered daily in the morning (08:30). The residues from the previous day were recorded in order to estimate the daily dry matter consumption. Body weight was measured every fortnight for six weeks. The animals had free access to clean water.
Feeding trial
Animals were randomly allocated to five treatment groups, of six animals. Each group was further subdivided into groups of three animals. The animals in each subgroup were allowed to eat together. The animals were kept in partially shaded enclosures (6x6 m 2 ) fenced with thatch fitted together with wire at a height of 2 m. An adaptation period of 10 days was allowed, followed by an experimental period that lasted for six weeks, during which body weight and feed intake were recorded.
Digestibility trial
At the end of the feeding trial, three animals were randomly selected from each group, placed in digestibility cages and randomly allocated to the five rations. The animals were fitted with faecal bags and allowed an adaptation period of seven days followed by a measurement period of seven days. The faecal bags were emptied daily and the total amounts of fresh faeces were weighed. A pooled sample of 500 g of faeces was dried at 65°C for 48 h. Proximate chemical analysis was carried out according to AOAC (1980) .
Dry matter degradability of the rations
One fistulated mature steer was used for the measurement of dry matter (DM) degradability of the rations according to 0rskov and McDonald (1979) . The steer was kept on ration C for one month before the commencement of the experiment. Size 6.5 x 14 cm nylon bags with pore size 41 \xm were oven dried at 65°C for 30 min and their empty weights were recorded. Five gram samples of each ration were weighed in four repetitions before being placed into the nylon bags. Incubation time was 0, 3, 6, 12, 24, 36 and 48 h.
Statistical analysis
Randomized complete block design was used as a sampling technique, using an analysis of variance procedure (ANOVA) to test the overall significance of the model. Mean separation was examined by Duncan's multiple range test (Thomas et al., 1978) to test the significance between the different groups.
RESULTS
Dry matter intake and body weight
The chemical composition of the rations is shown in Table 2 . The chemical composition of the rations containing different GRM levels was nearly the same, the crude protein content in ration E was slightly decreased as no GNC was included in it. Dry matter intake (DMI), body weight and feed conversion ratio (FCR) for sheep fed rations with different guar levels (A, B, C, D and E) are summarized in Table 3 . DMI was significantly (PO.05) increased by the inclusion of guar meal in the rations. The highest intake was observed with ration C followed by D, E and B. On the other hand, body weight gains seemed not to be affected by the different levels of guar in the rations. It should be noted, however, that groups B and D started with significantly lower body weights due to weight loss during the adaptation period in which dry matter consumption was significantly reduced. 
Nutrient digestibility
Nutrient digestibility and total digestible nutrients (TDN) are shown in Table 4 . Dry matter, nitrogen-free extractives, and ether extract digestibilities were not affected by GRM levels in the rations. However, organic matter, crude protein and crude fibre digestibilities were significantly (P<0.05) increased by inclusion of GRM at all levels. Rations D and E showed significantly (PO.05) higher crude fibre digestibility compared with the other rations. TDN seemed not to be affected by guar levels in the rations. However, only ration B showed a significant (PO.05) increase in TDN. 
Dry matter degradation
Dry matter degradation of the different rations including guar levels were reflected in DM loss from the nylon bags incubated at different times in the rumen of the fistulated steer. All rations showed a steady increase in DM loss (Table 5a ). The most rapid changes were exhibited by rations D and E. An asymptote was reached at 24 h incubation time with a gradual increase during hours 36 and 46. The values for the soluble (a) and insoluble (b) fractions for all rations were nearly the same (Table 5b ). Effective degradability (ED) was highest with ration D (30%) while the other rations' ED were more or less the same. 
DISCUSSION
Suppression of dry matter intake at higher GRM levels could be related to its bitter taste and hence unpalatability. Other studies have discussed GRM composition in terms of toxic factors such as trypsin inhibitor (Couch et al., 1966) , and various methods of detoxification, e.g. extraction (Tasneem and Subramanian, 1986) or autoclaving (Nagra et al., 1985) . However, the 20% GRM level showed a significant increase in DMI suggesting that addition of an equal quantity of groundnut cake in relation to grundnut cake (GNC) might have rendered this ration more palatable.
The significant increase in both organic matter and crude protein digestibility in association with including GRM in the diet of sheep could be related to the high crude protein content in GRM that enhanced the digestibility of these nutrients. Other studies with cattle could not find significant differences in DMI or digestibilities of diets consisting of GNC, guar meal and 3 or 5% molasses complexbased diets (Chanil and Rathee, 1983) . Also goats fed guar cut at pod stage and supplemented with crushed oats showed no significant difference in DMI, nutrient digestibility, and nitrogen balance (Pachauri and Upadhyaya, 1986) . The discrepancies obtained in this study compared with others could be related to the different ingredients used with guar. On the other hand, the significant depression in crude fibre digestibility with 0, 10 and 20% GRM could be attributed to the rumen fermentation pattern as influenced by type of ingredients constituting the ration. The percentage proportions of sorghum grain and GNC were higher than in other rations. These ingredients are known to be highly fermentable resulting in high production of VFA and hence low pH values. According to Mertens (1977) , suppression of the cellulolytic bacteria population responsible for CF digestion occurs at pH level below 6.7.
Although the daily weight gain was not significantly changed by the guar level, the highest increase was obtained with the 30% diet, also FCR was the best with the same ration. Similarly, GRM was found to increase body weight gain equally as groundnut cake (398.5 vs 306.8 g/day) in calves (Abmandal et al., 1989) . Other authors have even used 50% levels in the diet of buffalo calves (Patel et al., 1970) .
We conclude that up to 30% GRM can be used to replace GNC in the diets for sheep.
